Drinking water refilling stations (DWRS) are a growing business, providing affordable drinking water for middle-low urban households in developing countries in the last two decades. However, quality control including water quality and compliance with regulations, is not fulfilled completely by all DWRS. This study aimed to assess water quality and risk of recontamination of DWRS and compliance with administrative-laboratory testing regulations and factors associated with it. A crosssectional study was conducted from March-August 2017 in Bandung City, and 229 of 659 DWRS were selected randomly. The water quality and risk of recontamination from refill gallons and outlet taps were examined using cotton swab and membrane filter methods to identify total coliforms/Escherichia coli. Compliance with administrative-laboratory testing regulations was identified based on the regulations of the Ministry of Health. Results found that water quality was unsuitable in 37.6% of drinking water and 34.1% of raw water. The risk of recontamination was found in 40% of refill gallons and 25.3% of outlet taps. Only 10.5% of DWRS complied with administrative-laboratory requirements. Factors associated with compliance were certified training and good management. An integrated system to manage and control the quality of DWRS is needed to prevent the consumption of nonstandardized drinking water.
INTRODUCTION
Water is one of the fundamental needs of humans. Most body fluid fulfillments are obtained from drinking water. A person needs 30-60 L of clean water in a day and about 30 mL/kg body weight of drinking water, which should meet the requirements of water quality based on physical, microbiological, and chemical parameters [1, 2] . In developing countries, the main water treatment methods for drinking water in households are boiling or filtration from groundwater sources and tap water. As tap water is not totally distributed to all households and sometimes not affordable for 24 h, many households choose to use groundwater. The retreatment of tap water is needed because the quality of tap water is not the same as potable water due to recontamination from leakage and unstable pressure along the distribution system. Nowadays, bottled drinking water is more popular as an alternative source of drinking water due to its practicality and reasonable price. As the cost of branded bottled drinking water is relatively expensive for the middle-low communities, refilled drinking water in turn becomes the alternative choice because its cost is three times cheaper than branded bottled drinking water. This condition influences the extensive spread of drinking water refilling stations (DWRS) in the urban areas of many developing countries, such as the Philippines, India, Indonesia, Kenya, and Mexico, in the last two decades [3] [4] [5] [6] [7] [8] .
In Indonesia, DWRS have expanded excessively in almost all the big cities. A survey in 2015 showed that about 41% of households in big cities use refilled drinking water [9] . Jakarta is one of the big cities with the highest number of DWRS, which increased by about 800% from 1997 to 2008. At present, more than 10,000 DWRS are registered in Jakarta. Apart from Jakarta, Bandung City is also known as one of the cities with rapid urbanization, with about 659 DWRS registered here [3, 10, 11] .
The Indonesian Government has issued regulations to monitor the quality control of DWRS production. The 2014 Ministry of Health regulation number 43 manages the rights and obligations of DWRS. This regulation focuses on the hygiene and sanitation of DWRS. As one of the requirements to obtain a license for the business, every DWRS owner should follow training and obtain a legal certificate. In addition, DWRS should pass the sanitation inspection, which observes the aspect of the design and construction of the building, equipment, workers' hygiene, and quality of raw and drinking water. Furthermore, every DWRS has an obligation to test the water quality every 3 and 6 months [12] . The guidelines of drinking water quality standards are referred to the 2010 Ministry of Health regulation number 492 based on physical (smell, color, total dissolved solids, turbidity, taste, and temperature), microbiological (total coliforms and Escherichia coli), chemical (organic, inorganic, pesticides, and disinfectants), and radiological (gross alpha and beta activities) parameters that are in accordance with the World Health Organization (WHO) regulations.
However, problems of poor hygiene and sanitation conditions of DWRS and many DWRS that are unable to meet the health and safety standards are commonly found. Previous studies in many cities reported poor quality of DWRS [13] [14] [15] [16] [17] [18] [19] [20] . The contamination of drinking water in DWRS might be due to the ineffective water treatment method or recontamination during production or transportation. One study in urban slum households in Bandung City showed that 50% of drinking water from DWRS were positive for total coliforms/E. coli compared to bottled drinking water, which only has 5 of 17 [21] . Another study reported that the efficacy of the water treatment method (the percentage of DWRS in which complete elimination of microbiological parameter) was only 73%; this condition illustrated that not all water treatment methods in DWRS are effective during the treatment process or that certain conditions contribute to recontamination [22] . Nonstandardized drinking water from DWRS might increase the risk of waterborne diseases, particularly among the vulnerable groups, including babies, children younger than 5 years, the elderly, and immunocompromized people.
The health office as the main institution responsible for monitoring the quality of DWRS already manages the promotional and educational programs by examining the water quality and providing certified training to refilling station owners and workers annually. However, due to the limited annual budget and human resources, this program was conducted only for a few DWRS per year. At present, no studies have reported the compliance of DWRS with the government's regulations. The poor quality of DWRS indicates that government rules have not been implemented in all regions as well as the government's weak ability to control the quality of DWRS production. This study aimed to assess the water quality and risk of recontamination of DWRS as well as the compliance with the regulations and to identify the factors associated with it. This information is needed to improve the monitoring and evaluation of government rules to develop an integrated monitoring system to control the quality of DWRS.
MATERIALS AND METHODS

Study design
This was a cross-sectional study conducted from March to August 2017, and the samples were all DWRS in Bandung City. Minimal samples were calculated using the sample size to compare the proportion of dichotomous variables, and samples were taken by simple random sampling. Six hundred and fifty-nine registered DWRS and 229 stations were selected randomly. The inclusion criteria for DWRS were as follows: actively operated in Bandung City at least for 1 month, the owner or workers were in the station during water sample collection, and willingness to participate in the study by signing the informed consent. DWRS were excluded from the study if the water treatment machine was broken or closed during the collection day.
A questionnaire was developed, which consisted of the characteristics and compliance of DWRS. Compliance was divided into two types: the first was administration compliance in which the DWRS have a business license and a certificate of good hygiene and sanitation issued by the local authority and the second was laboratory compliance in which the DWRS tested the water quality during the previous 3 and 6 months before the survey. Compliance with the regulations was defined as DWRS that complied with both administrative and laboratory testing regulations based on the 2014 Ministry of Health regulation number 43. All data were described in binary or categorical data. Some variables [duration of business, number of staff, certified training from the health office, personal training by owner to all staff, availability of standardized operating procedures (SOP), and water quality] were defined as independent variables and analyzed using the χ 2 test to find the association with compliance with regulations as dependent variables. Further analysis was conducted using multivariate logistic regression to find the predictor variables toward compliance.
Water samples and analysis
Water samples were collected from each DWRS to examine the quality of raw and drinking water. Two sets of samples, of 200 mL, were collected in sterile containers. The first sample was taken from the raw water tank and the second sample was taken from the outlet tap of the refilled drinking water (water produced after the treatment process). The risk of recontamination of drinking water was examined by testing if there were any bacteria (total coliforms and E. coli) in the refill container (gallon) and the outlet tap of the water production system [23] . The cotton swab method using sterile cotton was performed inside the mouth part of gallon and inside the outlet tap. These sterile cotton swabs were then put into two separate tubes containing trypticase soy broth (TSB) liquid as the medium of transport. Water samples and cotton swabs were kept in a cooler box and transported to the laboratory. The identification of microbiological parameters was conducted at the Laboratory of Microbiology and Parasitology, Faculty of Medicine, Padjadjaran University.
Total coliforms and E. coli in water samples were examined using the membrane filter method with nitrocellulose membrane filters (47 mm in diameter, pore size 0.45 μm; Merck Millipore, Darmstadt, Germany) and Chromocult agar (KGaA, Darmstadt, Germany) as the culture medium. The water sample (100 mL) was filtered through the membranes and placed on the medium. Colony test from cotton swabs was performed using a Nissui plate (Nissui compact dry EC, Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) by dropping 1 mL TSB medium onto the plate. All media were then incubated at 37°C for 24 h until the colonies formed. The sample was reported E. coli positive if a purple bluishcolored colony was found. Total coliform bacteria-containing samples were reported if red colonies were found. Total coliform and E. coli bacteria were identified by colony counting expressed in colony-forming units (CFU)/100 mL water sample. Drinking water is eligible if there are no colonies of total coliforms and E. coli based on the WHO guidelines and the regulations of the Indonesian Health Ministry [24, 25] . The effectiveness of all types of water treatment systems in DWRS was analyzed by comparing the number of total coliforms and E. coli colonies in raw and drinking water after treatment. However, because the standards of microbiological parameters for drinking water should be nil (zero) for coliforms and E. coli, only drinking water without any colony was determined as effective.
RESULTS
The number of DWRS registered in Bandung Health Office in 2017 was 659, which spread out almost to all sub-districts in Bandung City. The mapping of DWRS distribution in Bandung City is described in Fig. 1 . About 229 DWRS were selected and the characteristics are shown in Table 1 . Almost half of the stations have started their business more than 5 years ago, and because it is a type of small business, they mostly have only one to three workers, and in many DWRS, the owner is even the only worker who manages the whole business. Only 41.5% of the owners obtained certified training from Bandung Health Office, whereas the others obtained information on how to run the water treatment system from unauthorized sources. Compliance of DWRS owners was relatively low for both administration and laboratory testing regulations; overall, only 10.5% of the stations obeyed both administrative and laboratory regulations.
The quality of raw water used in DWRS and the quality of drinking water are illustrated in Fig. 2 . About 34.1% of raw water and 37.6% of drinking water in DWRS were found unsuitable. Furthermore, the risk of recontamination was also identified and is described in Fig. 3 . About 40% of refill gallons were still contaminated with coliforms and 25.3% of outlet taps of drinking water were also contaminated. The water treatment system used by DWRS varies as illustrated in Table 2 . Half of the DWRS used ultraviolet and 37.5% used ultraviolet combined with ozone. Reverse osmosis, which is an excellent water treatment system, was used only by 7.6% of DWRS. The water treatment system was defined as effective if the process could treat raw water and produce drinking water with zero colonies of total coliforms and E. coli. The percentages in Table 2 refer to the number of DWRS with drinking water that had zero colonies for total coliforms and E. coli. On average, the effectiveness of all water treatment systems was 86% for total coliforms and 85% for E. coli. The effectiveness of the water treatment system to decrease total coliforms and E. coli was higher if the DWRS used only one type of water treatment system. Table 3 describes the correlation of some variables with compliance of DWRS toward regulations and only complete data were analyzed (n = 173). The number of staff, certified training, personal training by owner to all staff, and good management of DWRS were found to be highly associated with the behavior of owners to comply with obligations. Further, multivariate analysis was conducted using logistic regression to find which variables might predict the compliance of DWRS, as illustrated in Table 4 . This analysis used the backward method, and in the final model, certified training and good management with SOP in DWRS were found to contribute to the compliance of the owner. Knowledge from certified training contributed 17 times more to change the behavior of the owners. Moreover, good management of DWRS also contributed six times more for owners to comply with the regulations.
DISCUSSION
The phenomenon of the growing number of DWRS in urban areas, particularly in developing countries where tap water is not always equally distributed, has started in the previous decades. In Bandung City, DWRS are numerous in some sub-districts, as described in Fig. 1 , as there are plenty of settlements and these are densely populated areas in some sub-districts. In contrast, there are no DWRS in certain sub-districts, because these areas consist mostly of offices, schools, and public areas. Drinking water from DWRS is frequently consumed by the middle-low communities, and almost 40% of urban slum households depend on refilled drinking water [26] . This fact correlated with the mapping of DWRS, which were found mostly in densely populated areas.
Consumers of DWRS should bring their own empty refill water container, which is usually of 19 L capacity. This refill gallon should be cleaned and rinsed before filling up with drinking water that is discharged from the outlet tap. The risk of recontamination of the drinking water can occur if the method of cleaning the refill gallons is inappropriate and if the outlet taps are not cleaned regularly with disinfectant tissue. A large number of refill gallons was found positive for total coliforms and E. coli, which indicates that the method of cleaning the refill gallons should be improved. However, no study on this issue has been published. The machine to clean the refill gallons and the methods of cleaning should be further evaluated and new innovations should be developed. The high percentage of drinking water quality in DWRS that is ineligible to standards is comparable to that in previous studies from other cities; this condition corroborates the fact that the issue of monitoring and quality control of DWRS is neglected. This study shows very low compliance toward the regulations. The regulations made by the government are not fully implemented by related stakeholders and the DWRS owners. This might be due to the fact that there are no punishments or law enforcement for unlicensed DWRS, as there are no regulations for this issue from the local authority. A previous study explained that the quality of DWRS production is influenced by internal and external factors. Internal factors that are related to drinking water quality are human resources, proper processing, appropriate equipment, and a hygienic environment. External factors include government supervision, sanctions, and law enforcement as well as col-laboration between the owner and the local government [27] . Low compliance to obey the obligations to test the water quality every 3 and 6 months will endanger consumers by them drinking unsafe and nonstandardized water.
Ultraviolet radiation as a water treatment system is more popular as this system is simple and cheap. The choice of the water treatment system influences the price of refilled drinking water [22] . In this study, the average of all water treatment system effectiveness was 86% for total coliforms and 85% for E. coli; this result is slightly higher than that in a previous study, which reported only 73.2% [20] . The result indicated that the effectiveness of a single method is better than the combination of two or three methods. This might be because the order of the water treatment system is incorrect or because of the negligence of the maintenance in one of the systems [27, 28] . Reverse osmosis is known as the best water treatment system nowadays; however, its effectiveness might be lower if it is used in combination with other systems. Poor knowledge about water treatment systems and how to conduct proper maintenance might influence the effectiveness of the system and inadequate human resources can cause a nonstandardized process production [29] [30] [31] . The key of this business is the knowledge or capacity of the owner and the workers to run the water treatment system [29] .
Certified training and the availability of detailed SOP are associated with the compliance of DWRS. Certified training proved to contribute 17 times more to influence the compliance of the owner to obey the regulations. Official training is very important for this type of business as the quality control of the product is influenced primarily by good knowledge and good management practices of the business. More programs related to the promotion and health education for the owners and workers of DWRS should be further developed. Moreover, the awareness of the consumers about the quality of the drinking water that they consume daily should also be increased. Health education for consumers is also important to increase knowledge and awareness. If the consumers are concerned about the quality of drinking water in DWRS, they will directly influence the owners and workers to maintain the quality of their product and production process.
CONCLUSIONS
In conclusion, regular and systematic training for owners and employees of DWRS needs to be further developed because training not only increases knowledge but also changes the attitude, which influence the compliance to obey standards and regulations. Inspection of the quality of DWRS production and raw water quality should be scheduled regularly by the local authority. Innovative tools and techniques to more effectively clean refill gallons and outlet taps in DWRS are a challenge to reduce the risk of recontamination of drinking water. The maintenance of all types of water treatment methods in DWRS and proper SOP are crucial for owners as the main considerations of quality control.
